Abstract. First occurrence of xenotime-(Y) veins in the Neoproterozoic metamudstone, NW margin of the Ma³opolska Block, is reported here. The veins are <5 µm thick, inhomogeneous and of varied morphology. Their textural characteristics, exhibiting very low U and Th contents (<1 wt%) and relatively high heavy rare earth elements (REE) contents (12-24 REE 2 O 3 wt%), suggest hydrothermal genesis, though diagenetic precursors of the veins are not excluded. The veins provide good evidence of the mobility of Y, REE, U and Th in low-temperature conditions (anchimetamorphic to greenschist facies). The observed differences in the chemical composition of the veins may indicate multiple stages of formation, possibly during several hydrothermal events that affected the area.
Introduction
Xenotime-(Y) is a tetragonal orthophosphate of Y and heavy rare earth elements that can incorporate some U and Th (Ni et al. 1995) . It is a widespread accessory mineral in granitoids, pegmatites, as well as low-to high-grade metamorphic rocks (Förster 1998) . Recently, hydrothermal ore-related (e.g. Kositcin et al. 2003; Vielreicher et al. 2003; Vallini et al. 2005; Rasmussen et al. 2009 ) and diagenetic xenotime-(Y) (e.g. Rasmussen 2005), commonly occurring in siliciclastic sedimentary rocks, proved useful as a U-Pb geochronometer, tracer of fluid mobility and micro-environment indicator. Its applications are especially promising in Precambrian suits, where fossils are not preserved, and in lower temperature environments where reliable dating methods are scarce.While hydrothermal veins containing crystals of xenotime-(Y) appear to be quite common, few authors mention veinlets of xenotime-(Y) filling fractures in zircon grains (Kositcin et al. 2003) , apatite (Rojkoviè et al. 1999) , pegmatitic feldspar (Michalik, Szuszkiewicz 2003) and U-Ti oxides (Rojkoviè, Koneèný 2005) . This contribution reports the first occurrence of xenotime-(Y) veins in a Neoproterozoic metamudstone from Poland and discusses their possible genesis. Our results indicate significant Y mobility in relatively low-temperature conditions. Further geochronological investigation of the veins is proposed.
Geological setting
The sample was obtained from a drill-hole¯-78 (depth: 520.5 m) in the vicinity of Myszków and¯arki (see¯aba 1999 for details), Ma³opolska, S Poland. This locality is situated in the NW margin of the Ma³opolska Block, near the Kraków-Lubliniec fault zone, which probably represents one of the major transcontinental fault zones: Hamburg-Kraków (¯aba 1999). The Neoproterozoic metasedimentary complex (Jachowicz et al. 2008) , from which the sample originates, is represented by marine siliciclastic (meta)sedimentary rocks, presumably of turbiditic genesis (Bu³a,¯aba 2005) . Studies of the degree of diagenetic alteration, based on illitization of smectite, revealed a broad transitional zone between late diagenesis and anchimetamorphism within this complex, with local phyllitization (Kowalska 2001). Steep dipping beds encountered in drill-cores from this area indicate the existence of folds (¯aba 1999). The complex was intruded by igneous rocks during the Pennsylvanian Period, thus initiating development of a unique porphyry Mo-W deposit (Harañczyk 1980; Podemski 2001) .
Analythical methods
A polished thin section (sample¯-78) was examined under a standard petrographic microscope and a field-emission scanning electron microscope (SEM), Hitachi S-4700, at the Laboratory of SEM and Microanalysis in the Institute of Geological Sciences, Jagiellonian University, Kraków, Poland. In SEM, the carbon coated sample was imaged in backscattered electron (BSE) mode at the accelerating voltage of 20 kV with YAG detector. Identification of minerals observed in SEM was based on chemical composition determined by energy-dispersive X-ray spectrometry (EDS) using NORAN Vantage analyser. Quantification of elements content was performed using the standardless method. Powdered sample was also analysed using PHILIPS X'Pert APD X-ray diffractometer (XRD) with CuKa radiation to obtain data related to matrix composition.
Results
A hand specimen of the metamudstone¯-78 is dark green with brighter green round spots. Thin fractures (mm-scale) are filled with calcite and epidote. Lamination of the rock is clearly visible under optical microscope due to differences between laminae colours in transmitted light ranging from grey to brown tones. Cleavage is also evident (Fig. 1) . Quartz, feldspar, muscovite and biotite grains (mainly of medium silt fraction), angular to sub-rounded, as well as subordinate apatite, titanite, rutile and zircon are dispersed in the matrix. Biotite flakes underwent chloritization and deformation; their fractured fragments were displaced, possibly during compaction or cleavage formation. Within the matrix kaolinite, illite, chlorite, Fe-(hydro)oxides, sulphides and sulphosalts were identified. Small amounts of monazite occur as detrital grains, often in clasts with titanite, and as neoformed anhedral crystals (<10 µm, with very low Th and U contents <1 wt%) disseminated within the clay matrix.
Xenotime-(Y) veins
Xenotime-(Y) veins are several cm long (they penetrate the whole thin section of the mudrock). Their internal structure is inhomogeneous and varied (though no zonation is observed). Some fragments comprise of a single, relatively thick layer (<5 µm), whereas other bisect or split into a series of almost parallel, even thinner veinlets (<1 µm). There are also ribbon-like veins, whose central regions are made of quartz and rims are xenotime-(Y) (Fig. 2) .
The veins meander around various detrital grains that define their boundaries. They also penetrate the clay matrix, interleaving with chlorite-illite stacks or cutting through the phyllosilicate cement (Fig. 3) . In several cases the veins are connected with xenotime-(Y) grains (Fig. 4) from values below detection limits to 3.3 wt%, 3.4 wt%, 1.2 wt%, 3.0 wt%, respectively). High, variable contents of Si were noted in all analytical spots (3.3-24.1 wt% SiO 2 ). Other detected elements, including: Mg, Ti, Fe, Al, K, Na, As and Ca, contribute for the remaining 0.9-27.6 wt%. Normalised to chondrite Based on the X-ray maps of elemental distributions (Fig. 5) in the veinlet and its surroundings, P and Y are clearly concentrated inside the vein. Gd, Er, Yb and As correlate with the vein but are also dispersed in its surroundings. Si and K concentrate only outside the vein.
Xenotime-(Y) crystals
Xenotime-(Y) occurs in the sample as anhedral crystals and in veins. Single xenotime-(Y) crystals are up to 18 µm in diameter and inclusions-rich. They resemble the hydrothermal xenotimes described by Kositcin et al. (2003) in being very low in U and Th (<1 wt%) as well as having irregular boundaries and dissolution holes. The volume of xenotime-(Y) in veins predominates over the total volume of single xenotime-(Y) crystals in this rock. Only one anhedral xenotime-(Y) crystal enriched in U (1.8 wt% UO 2 ) was identified.
Discussion and interpretation

Chemical composition and stoichiometric relations
The structural formula of xenotime-(Y) can be presented as AXO 4 , where A = Y, REE, U, Th, Pb, Ca and X is mainly P (minor substitutions of Si, As, S are known; e.g. Ondrejka et al. 2007 ). In the xenotime-(Y) veins, an excess of cations in the structural position A was noted. The presence of Al, Mg, Ti, Fe, K, Na is interpreted as the result of interference with background (chiefly phyllosilicate matrix), due to the mm-range dimensions of the veins. Janots et al. encountered a similar problem; however, they concluded that the neighbouring minerals do not affect ratios of REE in xenotime-(Y).
Due to the standardless method used, it was impossible to infer water content (on the basis of difference between 100 wt% and the total content of oxides). Thus, the possible existence of hydrous analogues of xenotime-(Y) cannot be excluded. 
The origin of xenotime-(Y) veins and the mobility of Y
and K(K) in the veinlet and its surroundings. P and Y are concentrated in the vein; Gd, Er, Yb and As correlate with the vein but are also dispersed in its surroundings; Si and K concentrate outside the vein in a matrix of phyllosilicates and quartz, with their distinctive chemistry (very low U and Th, and relatively high REE contents), possess -in our opinion -such hydrothermal characteristics. The ribbon-like fragment of the vein, with xenotime-(Y) rims and quartz centre (Fig. 2) , resembles simple hydrothermal vein assemblages.
In this study, we suggest that early diagenetic and later hydrothermal fluids dissolved most of the detrital minerals containing Y, REE, U, Th, and P (e.g. apatite, monazite, xenotime-(Y), allanite) from the studied rock. An additional portion of P could have been introduced to pore waters during organic matter decomposition and K-feldspar dissolution. A similar scenario was proposed by Rasmussen (1996) . The released elements were then transported over unknown distances, using networks of diagenetic and/or tectonic fractures, as well as between chlorite--illite stacks. An abrupt change in parameters of the environment (such as pH, temperature or pressure) and/or chemical budget of the fluid, initiated precipitation of the xenotime-(Y) material in the form of vein fillings. The fairly immobile Y and REE, however, probably constituted a more localized source, migrating over few to several hundreds of microns (Wilby et al. 2007 and references therein), thus contributing to the varied REE contents of the xenotime-(Y) veins, observed in the thin-section scale.
It is possible that some precursor phases containing P, Y and REE precipitated shortly after sediment burial within the zone of sulphate reduction and methanogenesis (Rasmussen 1996) . Early diagenetic xenotime-(Y) is known as pyramidal overgrowths on detrital zircon grains mostly in sandstones but also in conglomerates, shales, siltstones and phosphorites (e.g. Rasmussen 2005 and references therein). However, such euhedral xenotime-(Y) overgrowths have not been noted in the studied thin section. Later complete dissolution of the precursor diagenetic phases by hydrothermal fluids is one of the proposed stages in the evolution of this metamudstone.
Various chemical compositions of the reported xenotime-(Y) veins can be interpreted as the evidence of several hydrothermal events. The main fault zone in the vicinity of the studied rock, which was active from the Neoproterozoic times (Bu³a,¯aba 2005) , could have facilitated the migration of the fluids. The Mo-W porphyry ore body in Myszków area is known to be deposited in at least five hydrothermal stages (Podemski 2001); each of them may have stimulated transport of Y, REE and P in fluids.
As mentioned before, xenotime-(Y) crystals joined with the veins were found (Fig. 4) . One of these crystals is enriched in U (1.8 wt% UO 2 ), which distinguishes it from the lower-U, presumably hydrothermal, xenotime-(Y) occurrences in the studied thin section. Similar concentrations of U in diagenetic xenotime-(Y) were reported by Kositcin et al. (2003) . The lack of textural relation with zircon crystals questions (or even excludes) diagenetic origin of this crystal, whereas other features, such as irregular boundaries of the crystal and numerous dissolution holes, seem to support its hydrothermal origin. Spatial connections with the veins indicate that the two single xenotime-(Y) crystals may be anhedral precipitates of one of the hydrothermal fluid, which have encountered and dissolved their detrital precursors, so that their chemical compositions only insignificantly differ from the surrounding veins.
A potential geochronometer
Hydrothermal xenotime-(Y) represents a potentially useful geochronometer (e.g. Rasmussen 2005). Recent U-Pb dating of hydrothermal xenotime-(Y) in Pyrenean shear-hosted ore bodies constrained the age, as well as the duration of the mineralization (Schärer et al. 1999) . Vallini et al. (2005) placed timeframes for events from sedimentation, through hydrothermal alteration, up to peak metamorphism of a Paleoproterozoic metasedimentary sequence in SW Australia. The xenotime-(Y) geochronometer is especially useful in non-fossilliferous complexes where dating may be problematic.
In our opinion, the reported xenotime-(Y) veins might allow for interesting age determinations of hydrothermal events that affected this Neoproterozoic complex and resulted in Mo-W mineralization (Podemski 2001) . Due to the small dimensions of the veins, state-of-the--art in situ analytical techniques would be required. Two possible approaches include isotopic dating by sensitive high-resolution ion microprobe (SHRIMP II; Rasmussen et al. 2009 ) and electron microprobe chemical dating using the most recent protocols (Hetherington et al. 2008 ).
Conclusions
The reported xenotime-(Y) veins in the metamudstone sample from the Ma³opolska Block are of hydrothermal origin with potentially several hydrothermal events having contributed to the growth of these veins. Precursor diagenetic precipitation of xenotime-(Y) is possible but was not evidenced. The veins provide good evidence of the mobility of Y in the low-temperature conditions (anchimetamorphic to greenschist facies). Some mobility of REE, U and Th is also suggested. Limited dimensions of the veins require the use of in situ analytical techniques with high spatial resolution. Further geochronological investigations are proposed that can potentially resolve timing of precipitation of these veins and associated mineralization, as well as give the minimum radiogenic age of sedimentation.
